Well-shaped small single crystals of the orthorhombic perovskites YScO 3 and LaScO 3 were grown from mixtures of the corresponding sesquioxides RE 2 O 3 in PbO/PbF 2 fluxes. Both structures were refined from single-crystal diffractometer data: GdFeO 3 -type, Pnma, a = 570.68 (7), b = 789.3(1), c = 542.44 (7) 
Introduction
The sesquioxides of the rare earth (RE) elements have widely been studied with respect to their structural (polymorphism) and thermodynamic behavior as well as their interesting physical properties. They are host materials for RE 3+ luminescence and for dielectrics for high-κ applications as bulk and thin film materials, and they have been used for ion-sensitive field-effect transistors. Overviews on these topics are given in several review articles [1, 2, and refs. therein] . Depending on the size of the RE 3+ cation, temperature and pressure, the RE 2 O 3 sesquioxides crystallize with different structure types, called the A-, Band C-type. Also a variety of mixed rare earth phases RERE O 3 have been investigated. If the two rare earth cations are sufficiently different in size, full ordering of the cations on distinct crystallographic sites takes place. This is especially possible if the smallest rare earth cation Sc 3+ is used. Such compounds crystallize with the orthorhombic GdFeO 3 -type structure [3] , space group Pnma.
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In the course of our systematic studies on 45 Sc solid-state NMR parameters [4 -7, and refs . therein], we were interested in the diamagnetic RERE O 3 oxides YScO 3 and LaScO 3 . The largest difference in the ionic radii occurs for LaScO 3 which adopts the GdFeO 3 -type over the whole temperature range [8, 9] . YScO 3 shows a cubic, bixbyite-type high-temperature [10, 11] modification with random cation distribution (similar to binary Sc 2 O 3 [12] ) and an ordered GdFeO 3 -type low-temperature [8, 13] modification. For LuScO 3 only the cubic, disordered form has been observed [14] . The course of these ordering phenomena corresponds with the course of the difference in the ionic radii of the RE 3+ cations. GdFeO 3 -type LuScO 3 can only be obtained in the form of metastable thin films [15] . 45 Sc solid-state NMR has so far only been applied to few intermetallic and oxidic systems [4 -7, 16 -25 [26] .
Single crystals of LnScO 3 (Ln = Y and La) were grown from mixtures of the sesquioxides with the flux reagents PbF 2 and PbO in molar ratios 1 : 6 : 6 and 1 : 6 : 12 for Y and La, respectively. These reaction mixtures were transformed into small pellets at 2 tons applied pressure. One of these pellets was placed in a platinum crucible covered with a platinum lid, and the crucible was then placed in a square shaped high-purity alumina crucible in order to avoid direct contact with the furnace. For the synthesis of YScO 3 , the crucible was heated to 1423 K within 1 h, and the temperature was maintained for 12 h in the muffle furnace (Carbolite RHF 1500). After that the temperature was slowly decreased to 873 K at a cooling rate of 25 K h −1 , and then to r. t. with a rate of 100 K h −1 . In the case of LaScO 3 , the crucible was inserted into the preheated furnace at 1073 K, heated to 1573 K at a rate of 100 K h −1 , and held for 12 h in the furnace. After that the temperature was decreased to 1073 K at a rate of 200 K h −1 and the container then finally quenched to r. t. by pulling it out from the furnace. The reaction products consisted of small crystals. They were isolated from the reaction products through extraction of the (remaining) flux with hot dilute hydrochloric acid.
For 45 Sc NMR measurements, good quality polycrystalline samples were prepared from appropriate reaction mixtures kept at 1573 -1873 K for 150 h with three intermediate regrinding steps in alumina crucibles. For the 89 Y NMR data collection quite similar preparation conditions were employed for the synthesis of a doped YScO 3 : Yb 1 % polycrystalline sample.
EDX analyses
The single crystals measured on the diffractometer were analyzed by energy dispersive analyses of X-rays using a Leica 420i scanning electron microscope attached to an EDX (Energy Dispersive Analysis of X-Rays) unit. The crystal mounted on a quartz fiber was first coated with a thin carbon film to ensure conductivity. The semi-quantitative analyses with LaF 3 , YF 3 , Sc, and SiO 2 as standards were in good agreement with the proposed metal composition. No impurity elements were detected. Special care was taken in detecting a possible fluorine content originating from the PbF 2 -containing flux.
X-Ray powder diffraction
The phase purity and structure of the synthesized samples were characterized by X-ray powder diffraction through Guinier powder patterns using CuK α1 radiation (λ = 154.056 pm) and α-quartz (a = 491.30 pm, c = 540.46 pm) as an internal standard. The Guinier camera was equipped with an imaging plate system (Fujifilm, BAS-Reader 1800). The orthorhombic lattice parameters (Table 1) were obtained from least-squares fits of the powder data. The correct indexing of the patterns was ensured by intensity calculations [27] . Our experimental data are in good agreement with the literature data [8, 9, 13] .
Single-crystal X-ray diffraction
Well-shaped single crystals were selected from the samples prepared in the PbO / PbF 2 flux. They were first examined by Laue photographs with white Mo radiation on a Buerger precession camera (equipped with an image plate system, Fujifilm, BAS-1800) in order to establish their suitability for intensity data collection. Intensity data were collected at room temperature by the use of a Stoe IPDS-II diffractometer with graphite-monochromatized MoK α radiation (λ = 71.073 pm) in oscillation mode. Numerical absorption corrections were applied to the data sets. All relevant crystallographic data and details for the data collections are listed in Table 1 . The atomic parameters of DyScO 3 [28] were taken as starting values of the refinement. Both structures were refined with full-matrix least-squares techniques on F 2 with anisotropic displacement parameters for all atoms (SHELXL-97 [29] ). Since the earlier single-crystal studies of REScO 3 (RE = Nd, Sm, Gd, Dy [28] , and Eu [30] ) revealed defects on the 4c RE and the 8d oxygen site, the occupancy parameters of all sites were refined in separate series of least-squares cycles. We also observed defects on the 4c sites, however, for our crystals both oxygen sites revealed only small defects. The freely refined occupancy values of the 4c rare earth (A site) and both oxygen sites approximately accounted for the charge compensation. In the final cycles, the 4c rare earth and oxygen occupancies were constrained with the SUMP instruction to ensure correct charge neutrality, leading to the refined compositions Y 0. 
NMR spectroscopy
89 Y magic-angle spinning (MAS) NMR spectra were recorded on a sample doped with 1 mole-% Yb (composition Y 0.99 Yb 0.01 ScO 3 ) at ambient temperature at a frequency of 24.5 MHz on a Bruker DSX-500 spectrometer, using a 7 mm MAS NMR probe operated at a spinning frequency of 5 kHz. 6400 scans were accumulated as rotor-synchronized spin echoes using 90 • (180 • ) pulses of 9 (18) µs length and a relaxation delay of 10 s. The spectrum is referenced to 1 M aqueous YCl 3 solution, using the signal of an 8 M aqueous Y(NO 3 ) 3 solution containing 0.25 M Fe(NO 3 ) 3 as a secondary standard. The 45 Sc magic-angle spinning (MAS) NMR spectra were recorded at ambient temperature at a frequency of 121.63 MHz on a Bruker DSX-500 spectrometer, using a 2.5 mm MAS NMR probe operated at a rotation frequency of 20 -25 kHz. Short pulses (0.3 µs, < 20 • flip angle) and recycle delays of 0.5 s were used for the acquisition of the spectra, which are referenced against a 0.2 M aqueous solution of Sc(NO 3 ) 3 .
Results and Discussion

Crystal chemistry
The scandates YScO 3 and LaScO 3 crystallize with a strongly orthorhombically distorted GdFeO 3 -type structure, space group Pnma. Although both compounds have repeatedly been investigated [8 -14] , herein we report on first single-crystal studies. The structure of LaScO 3 has recently been refined on the basis of powder X-ray diffraction [9] , but the present single-crystal data give higher precision for the positional parameters and also allowed a stable refinement of the occupancy parameters. Our investigations complete the series of single-crystal data of rare earth scandates [28, 30, 31] which are excellent substrates for epitaxial growth of perovskite thin films [32] .
Due to the large difference in size between La 3+ (Y 3+ ) and Sc 3+ , both cations have distinctly different coordinations. The scandium atoms have almost regular octahedral coordination with small ranges for the Sc-O distances, i. e. 208 -212 pm for Y 0.96 ScO 2.94 and 210 -211 pm for La 0.94 ScO 2.91 . These octahedra share all corners with adjacent octahedra, leading to the three-dimensional network emphasized in Fig. 1 . Due to the strong tilts of the octahedra, the larger yttrium and lanthanum atoms reach 8+4 coordination (Fig. 2) . The regular cuboctahedral coordination in the cubic perovskite structure is strongly dis- torted. The four longer Y-O and La-O distances are all above 335 pm. A compact and concise overview on the many distortion variants within the family of perovskite-related structures is given in [33, 34] .
Finally we need to comment on the composition of the polycrystalline REScO 3 samples and the grown single crystals. So far, small defects on the A sites have only been observed for the Czochralski-grown crystals [28, 32] and now also for flux-grown crystals. The light-yellow color of our flux-grown LaScO 3 sample was a first hint to these defects. As the isotropic second-order quadrupolar shifts affecting these resonances are different from each other [41] , three separate spinning sideband manifolds can be observed in these spectra, as shown both in the experimental and simulated data. As theoretically expected [41] , the lineshapes of the central | ± 1/2 − | ± 1/2 and the outermost | ± 7/2 − | ± 5/2 transitions show the strongest second-order quadrupolar broadening effects.
Solid-state NMR spectroscopy
For LaScO 3 the lineshape is influenced by secondorder quadrupolar broadening only to a minor extent, and the distinct spinning sideband patterns attributable to the outer Zeeman transitions are strongly overlapped, reflecting distinctly weaker quadrupolar coupling in this case (see Fig. 5 ). Here, the relevant interaction parameters were extracted by simulating the en- velope of the spinning sideband manifold. We obtained δ iso = 153.5 ppm, C Q = 3.4 MHz, η Q = 0.8.
The 45 Sc chemical shift values measured for YScO 3 and LaScO 3 are in the typical range of six-coordinate scandium compounds in oxides [18, 19] , particularly perovskites [22] . The distinct differences in the quadrupolar coupling constant for 45 [42] (see [5] for details of the calculations), producing C Q = 8.1 MHz and η Q = 0.75 for YScO 3 and C Q = 3.7 MHz and η Q = 0.96 for LaScO 3 .
In Fig. 6 , the 45 Sc MAS NMR spectra of polycrystalline LaScO 3 and ground single-crystalline LaScO 3 are compared. The central | 1 /2 − | − 1 /2 transition for the flux-grown single-crystalline sample exhibits a distinctively broader and more asymmetric line shape as compared to the corresponding line shape for the polycrystalline sample, reflecting a distribution of quadrupolar parameters and/or chemical shifts. We note that this observed distribution may be the signature of the deficiency of oxygen in the flux-grown samples. Our attempt to measure a 19 F MAS NMR spectrum (4.65 T; resonance frequency 188.8 MHz, spinning speed 20 kHz, relaxation delays 10 -120 s) produced no detectable signal. Based on this result, we consider an exchange of fluorine for oxygen unlikely.
